AD/A-001 739

DYNAMIC LOADS AND STRUCTURAL CRITERIA
STUDY

K. R. Spreueyr, et al

Summa Corporation

/’
\

Prepared for:

Army Air Mobility Rescearch and
Development Laboratory I

September 1974 F

DISTRIBUTED BY:

Nationa! Technical Information Service
U. S. DEPARTMENT OF COMMERCE

——— .. B . ot -~ eemarstfitre il




Best

Copy

Available



o

Results of this program are immediately usable but also indicate that addi-
tional work is desirable to rcfine and verify the load factor distribution

techniques.

This report has been reviewed by this Directorate and is considered to be

technically sound.

The technical monitor for this contract was Mr. Arthur J. Gustafson,

LUSTIS DIRECTORATE POSITION STATEMENT

Technology Applications Division.

- ACCESSION for _

NS Wi'e St [
£e Bufi Saten [T
b, et O
R P TR 1 S

L' 3

LiSTRISUTION/AYMURBILITY CORES
__Disl_ AVAIL and,/or SPEGIAL

DISCLAIMERS

The findings in this repcrt are not to be construed as an official Department of the Army position unless so
designated by other authorized docume 1ts.

When Government drawings, specifications, or other data are used for any purpose other than in connection
with a definitely related Government procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the Government may have formulated, furnished,
or in any way supplied the said drawings, specifications, or other data is not to be regarded bv implication or
otherwise as in any manner licensing the holder or any other person or corporation, or conveying any rights or
permission, to snanufacture, use, or sell any patented invention that may in any way be related thereto.

Trade names cited in this report do not constitute an official endorsement or approval of the use of such
commercial hardware or software.

DISPOSI""ION INSTRUCTIONS

Destroy this report when no longer needed. Do not return it (o the originator.

o




i T ———— L g

Unclassified - ¥ ) ) ‘
Y . - S s -
SECURITY CLASSIFICATION UF THIS PAGE (When Dats Entorsd) /Z[, //4 b o e 7 |
/ READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM :
1. REPORT NUMBER 2 30V7T ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
: {
USAAMRDL-TR-74- "4
4. TITLE (and Subtitle) 4 TYPE OF REFORT & PERIOD COVERED

_ , . Final 12-73 thru 5-74 {2
DYNAMIC LOADS A" STRUGTURAL CRITERTA STUDY | 22— 22—~ 2" :

369-X-8040 (HH74-124) )

7. AUTHOR(s) B. CONTRACT OR GRANT NUMBER(a)
K. R. Sprecuer
S.J. Snackenburg

DAAJ02-74-C-9018

G.D. Roeck
' AND ADDRESS 10, PROGRAM ELEMENT, PROJECT, T ASK
SHJQEZO:;FMlTeGI(;?:GC)?‘;ArT;(:N INJA::/E ng Summa Corporation, ARG REHMONNIOIIR RCHRES
Centinela & Teale St:cets, 1F162208AH9001
Culver City, Califoraia 90300
11. CONTROLLINT OFFICE NAME AND ADDRESS 12. REPORT DATE
Fustis Directorate, U.S. Army Air Mobility ScpLember 1974
Research & Development Laboratory (USAAMRDI.), [73 ROMBER oF PAGES ,
Fort Eustis, Virgin.a 23604 1.31

4. MONITORING AGENCY NAME & ADODRESS(!! difterent from Controlling Office) 15. SECURITY CLASS. (of thie report)

Unclassified

15a. DECL ASSIFICATION/DOWNGRADING
SCHEDULE

1€. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, if ditferent from Report)

18. SUPPLEMENTARY NOTES

Roproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE

US Depertment of Commerce
Springhold, VA 22151

19. KEY WORDS (Continue on reverae aide if necesaary and ldentity by block number)

Helicopters, Mission Profiles, Fatigue (Mechanics), Literature Surveys

20. ABSTRACT (Continue on reverae alde If necessary and identify by biock numbaer)

This report presents the results of a 6-month technical effort to develop
a realistic mission prefile for each of six helicopter types in current
and future Army inventories: observation, utility, utility/tactical
ascault, attack, crane, and transport. The profiles included in this
report are the product of operational data gathered over two decades,
starting with early NACA efforts and including extensive studies conducted
by the Army Air Mobility R&D Laboratory and private enterprise.

DD ,F9%™ 1473 EDoiTion OF  NOV 65 1S OBSOLETE ! 2\
'\ JAN 73 o Unclassified (\"\ \

SECURITY CLASSIFICATION OF THIS PAGE (When Data Enterod)

3

ceities 8 __ SR i,




Unclassified

SECURITY CLASSIFICATION OF THIS PAGE.#hen Deta Entorad)

20.

(cont.)

This offort was accomplished in [our tasks:

Task I wis a study and analvsis of available literature. This included
identification of 38 applicable reports, of whicl 31 were obtained andg
useful information was extracted. Included are cperaticonal studies,
manufacturer's operationally derived spectra, Government specitications,
flight strain data, and evaluation of previous spectra.

Task II was the cowbining of information obtained in Task I to develop
a mission profile fcr each of the six helicopter types. Each profile
contains the percentage of occurrence of each condition in a stand-
ardized iist of sceady and mancuvering conditions. Distributions of
load factor with airspeed, gross weight, and altitude are presented.
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INTRODUCTION

This final report is submitted as part of the required documentation under
Contract DAAJ02-74-C-0018 between the U.S. Army Air Mobility Research
and Development Laboratory, Fort Eustis, Virginia (USAAMRDL), and g
Hughes Helicopters, Culver City, California. Technical effort under this

contract began in December 14973 and concluded in May 1974, Work done

under this contract is a continuation of efforts by the Army to improve and

vodate structural design criteria for future helicopters. This effort was

preceded by USAAMRDL contracts with four helicopter manufacturers:

Sikorsky Aircraft Division of United Aircraft Corporation (Reference 20),

Bell Helicopter Company (Reference 21), The Boeing Company, Vertol

Division (Reference 22), and Hughes Helicopters (Reference 23). The

manufacturer of each helicopter type derived a mission profile applicable

to that type of helicopter. As a natural consequence of the independent

development of fatigue mission profiles for helicopters over the last

several decades, each manufacturer derived the profile from different

points of view using different analytical techniques. The major task in

this project was to integrate these varying approaches to obtain a con-

sistent method for deriving the mission profile for the six helicopter types

(observation, utility, utility/tactical assault, attack, crane, and

transport),




TASK I - STUDY AND ANALYSIS OF AVAILABLE LITERATURE

The objective of this task was to survey both civilian and military litera-
ture to obtain a data bank as the basis for mission profile development,
evaluation of developed profiles, and identification of critical segments
and basic conditions. Literature has been obtained including Govern-
ment specifications, operational data, and manufacturer's design and
operational reports. Several flight load studies, which may contain data
applicable to the various tasks of this report, were identified (References
24 through 30) but could not be obtained in time to be used in this report.
A total of 38 reports were identified as part of this task. These are listed
in the bhibliography, and an abstract of each is given in the appendix. A
summary of the subjects included in each report is given in Table I. Each
report is listed across the top of the table by the number corresponding to
the bibliography. A dot appears if the referenced report contains data
applicable to the subjects listed in the left-hand column.
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TASK Il - MISSION PROFILE DEVELOPMENT

The objective of this task was to develop a standard mission profile in-
cluding a list of significant flight and ground conditions with a percentage
of occurrence for each condition and a distribution of airspeed, altitude,
and gross weight with load factor for the six helicopter types. Mission
segment time percentages were determined by using the cperational data
to the fullest extent possible. The operational ‘ata, in conjunction with
the manufacturers' design and operational stuu.es, were used co distribute
time at the basic condition level. As pointed out in all the design and oper-
ational studies, the operational data were open to various interpretations.
The design spectra and the methods of interpretation of the operational
data used by each manufacturer were studied. To eliminate inconsis-
tencies and contradictions between different manufacturers, these spectra
and methods were modified as necessary based on conversations with
manufacturers' representatives and this contractor's e::perience. Areas
which required such modification or interpretation are noted, and the
consequences are explained in the detailed description which follows.

MISSION SEGMENTS

The first step in developing the standard mission profile was to rigorously
define meaningful mission segments among which the operational data
could be divided, Six segments were defined as fcllows:

1. Ground Conditions. This segment includes all conditions that
are conducted on the ground. All these conditions will have low
engine torque values and zero rate of descent, This segment
does not include takeoff and landing.

2. Takeoff, Landing, and Low-Speed Flight Conditions. This seg-
ment includes all flight conditions that are conducted below 40
knots except autorotation landings.

3. Ascent Conditions. This segment includes any condition which
has a sustained rate of climb greater than 300 fpm and an air-
speed greater than 40 knots. All maneuvers initiated from these
conditions are also part of this segment.

4, Forward Flight Conditions. This segment consists of all flight
conditions and maneuvers initiated from those conditions which




are conducted at airspeeds greater than 40 knots aud have neither
a sustained rate of climb nor a descent rate greater than 300 fpm,

5. Descent Conditions. This segment covers all powered flight con-
ditions and maneuvers initiated from those conditions which
have a sustained rate of descent greater than 300 fpm and an

airspeed greater than 40 knots,

6. Autorotation Conditions. Included in this segment are all power-
off flight conditions and maneuvers initiated from a power-off
condition (includes power recovery). A flight condition enters
the regime of this segment at the instant of power loss.

These segments were chosen primarily on the basis that each has a notably
different fatigue damage rate due to the amount of power required or the
unusual airflow associated with transition between hover and forward flight.
The definitions are intended to eliminate any ambiguity in the process of
editing operational data and to facilitate use of data already collected. One
of the main distinctions of these mission segments, compared to those
used previously, is that these do not include a separate maneuver segment,
This is done in recognition of the fact that maneuvers occur in all phases
of flight. The broad distribution of the maneuver segment in the opera-
tional data over rate of climb (e.g., Reference 19, page 28, Figure 9b)
shows that maneuvers occur in all segments. Operational data were sepa-
rated into these six segments using the torque, airspeed, and rate-of-
climb histograms, where available. A priority of parameters was estab-
lished according to the definitions above. That is, the time in a given
segment of operationul data was divided among the six standard segments
by first deducting the amount in autorotation (defined here as less than 10
percent torque), followed by deducting the portion below 40 knots, and ‘hen
the remainder of the operational segment was divided equally among ascent,
descent, and forward flight, This was done for all references which pre-
sented data in this form. The operational data which did not have all the
necessary histograms or were in a three-segment presentation required
modification of this technique and assumptions that missing data followed
trends similar to the other data on the same type of helicopter. The opera-
tional reports did not cover grcund conditions. A value of 4 percent was
assigned for ground conditions based on the number of takeoffs and landings
given for some of the helicopter types in the operational data. The results
of this step are shown in Figure | for each helicopter type. These six seg-
ments will be referred to as ''the standard segments'' throughout this report.
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BASIC CONDITIONS

The second step in developing a standard profile was to create a list of
basic conditions. A'l the design and operational reports (References 20
through 23), as well as AR-56 (Reference 1), CAM-6 (Reference 2), and
AMCP 706-203 (Refrrence 3), were used to compile this list., Further,
the lists of proposed standard mission segments and basic conditions
occurring in each scument were taken to Boeing-Vertol, Sikorsky, Kaman
Covporation, Technclcgy Inc., and Bell to discuss their completeness and
app'icability for use in developing a fatigue survey spectrum. All of these
comanies had favorable comments on the standard mission segments.
Suggt stions were made to add some basic conditions and to delete others
from some segments. Generally, deleted conditions were those which did
not apply to certain segments. For example, control reversals were de-
leted {rom the ascent, descent, and autorotation segments. The resulting
basic condition list is shown in the left-hand column of Table II. FEach
basic condition may encompass several detailed flight conditions, For
example, the turn condition which appears in segments 2 through 6 may
encompass right, left, S, and steep turns with varying rates of entry and
recovery. (To achieve a profile in such detail 1s beyond the scope of this
program.)

SUBDIVISION OF SEGMENTS

Segments 2 through 5 were divided into a time portion covering steady con-
ditions and a time portion for maneuvering conditions. The time for the
six standard segments was accumulated from contributions from each of
the four operational segments based on rate of climb, power, and air-
speed. According to the segment definitions of the cperational data, the
maneuver portion of any standard segment could have come from the
maneuver, ascent, or descent operational segments. This overlap makes
the operational data impossible to interpret precisely. Each manufacturer
preparing References 20 through 23 handled this problem somewhat dif-
ferently, each recognizing that a judgment was required. No consist-

ent interpretation of the operational data could be achieved for this pur-
pose. It was clear that much of the maneuvering during takeoff and landing
(Segment 2) was included in the ascent or descent operational segment,
although in widely varying amounts from one type of helicopter to another,
The maneuver portion of Segment 2 was determined using varying amounts
of time from the operational ascent and descent segments depending cn
times given in the manufacturer's design spectrum and judgment based on
comparing the six missions. The utility and the utility/tactical assault
helicopters had very limited operational data in a form usable for deter-
mining the maneuver portion of the segments. The other segments showed




a recasonable relationship to each other and to the design spectrum using
just the time from the operaticnal maneuver serinent.

The data that were available for the utility/tactical assault helicopter (Ref-
erences 11 and 14) were contradictory. Reference 14 showed 54 percent
for the maneuver segment, while Reference 11 showed 12,19 percent. A
value of 40 sercent was felt to be a representative amount for this type of
helicopter, ar the 12.19 percent in Reference 11 does not appear tr be
realistic., There were no rate-of-climb histograrans available for other than
the steady segment, in these reports. Reference 18 was uscd as the most
representative for rate-o?-climb data. This resulted in segment percentages
comparing very well with other helicopter types for standard Segments 3
through 5, Wowever, the takeoff, landing, and low-speced segments had a
considerably lower percentage of occurrence than all other types. This

is a result, as discussed above, of takecifs and landings being included in
the operational ascent and descent segments. There were no design and
operational reports available [or the utility /tactical assault type or the
utility type discussed below, DBecausc of this lack of data, a value between
the attack and observation types of 65 percent was estimated for the mancuver
portion of standard Segment 2. This is based on the number of takeoffs and
landings that this type of vehicle would be expected to make in hostile arecas.

The data available for the utility helicopter was also very limited. Al-
though there are a comparatively large number of reports dealing with

the utility helicopter, all of those available were done prior to 1966, The
data from: Reference 18 were used to calculate the portion of each standard
segment spent maneuvering. This resulted in values below all other heli-
copter types for Segments 2 through 5. Clearly, this is out of line with the
utility mission. This is a result of the value of only 1 percent given to the
maneuver segment in Reference 18. Values were assigned for the maneuver
percentages for the standard segments below the values for the attack and
utility/tactical assault helicopters, and above the crane and transnort values.
The takeoff and landing segment was given a value greater than that for the
attack helicopter, reflecting the increased activity during takeoff and landing
and the similarity to the observation and utility/tactical assault types for the
segment, The values resulting from this discussion are shown in Figure 2,
Segment 6 is discussed separately later in this task,
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SEPARATION OF LOAD-FACTOR-PRODUCING CONDITIONS

An attempt was made to further break down the mancuver portions obtained
ahbove into load-factor-producing maneuvers and maneuvers not producing
load factor. Most of the operational reports contain load factor peak tables
and exceedance curves. In order to use these data to accoinplish this break-
down, a number of assumptions were made. Since the tables do not deal
with individual segments, a distribution of peaks an ung the segments was
assumed, The data are given in terms of load factor peaks; therefore, a
maneuver duration time was assumed to convert to tume units. Values

of maneuver durations for the various basic conditions are presented in
Table III. Asswinptions of this type were made usin - the most conserva-
tive durations for the attack data (Reference 16). lTie times obtained for
load-factor-producing conditions were fer les than the design spectrum,
This approach was dropped as a method of determini~ | the load-fac‘. -r-
producing portion of the segments. The load factor peak curves and tables
were, however, used to determine the distribution of load factor with
gross weight, altitude, and airspeed. This is discussed later in this

task.

BASIC CONDITION PERCENTAGFE OF OCCURRENCE

Instead of the above, a more conservative and straightforward approach
was adopted using the design spectrum proportions to obtain a first cut at
basic condition percentages for the maneuver and steady categories of
each segment. Some basic conditions were not included by some manu-
factarers; percentages were estimated for these based on comparison with
other spectra, AR-56, and experience. Basic condition percentages were
obtained for each helicopter type for which there was a design spectrum
available, Design spectra were not available for the utility or utility/
tactical assault helicopters. In order to provide a guide for these two, as
well as to arbitratc the tendency of difierent manufacturers to accent one
condition more than others, the perc :ntage of occurrence figures were
tabulated for each of the six types for each bhasic condition. This pointed
out a large number of differences in the takeoff and landing segment and
the autorotation segment with orly a few differences in the other segments.

Segment 2 was treated by normalizing the basic condition percentage of
occurrences to account for differences in segment time. These were
nlotted cn a single graph to obtain a visual conception of the relative mag-
nitudes for the different helicopter types. These were then modified based
on a comparison of the mission assigned to each type helicopter.
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Segment 6 is primarily a training exercise and not directly related to the
mission assigned, This supports the conclusion that the basic conditions
should have the same proportion of the segment regardless of helicopter o]
type. A single or dual powerplant is the predominant factor governing the
time for the entire segment. Multiengine aircraft will rarely do full auto-
rotations, even in practice, It is concluded that the autorotation segment
percentages should be the same for all types; however, for multiengine
aircraft, these conditions are performed with one engine on. The auto-
rotation seement time was taken as the average of the time at less than

10 percent torque for all types. The distribution of this time among the
basic conditions was determined using an average of all the design spec-
tro, AMCP 706-203, AR-56, anc CAM-6.

The aistribution among the basic conditions of Segment | was handled in a
similar manner. The percentages of occurrences obtained from this
approach are presented in Table IL

DISTRIBUTION OF LOAD FACTOR WITH AIRSPEED, GROSS WEIGHT,
AND ALTITUDE

Load factor distributions with airspeed, gross weight, and altitude are
presented in Figures 3 through 20. These data represent composites of
data currently available from published reports of flight loads surveys
during test and operational usage of various types of helicopters. The
distributions are indicative of either a combat environment or a peacetime
environment, and in some instances, a composite of both environments.
The available reports were grouped according to the six types of helicop-
ters. IFrom each group of reports, a cornposite percentage of load factor
peaks was compiled for each type. The load factor values were normalized
to a load factor ratio in terms of delta peak load factor/delta limit load
factor (ANz/ANjp). Delta limit load factor was defined as the design limit
value minus lg (N, -1) at maximum design gross weight. For example,

a peak load factor of 1.60g at a design limit value of 2.0g would correspond
to a load factor ratio of +0.6 (ANy/ANy = (1.6 -1)/(2-1)). For those load
factor ratio ranges where no percentage values are indicated, either no
peaks occurred or no data were available. The available flight loads re-
ports lacked data near the 1.0g level. Occurrence of load factor peaks
approaches infinity for load factors near the lg level. This is signified by
the vertical dashed lines on the load factor-airspeed distribution curves.
For data editing purposes during these studies, threshold values of 0.85g
and 1.15¢g were established and all peaks occurring between these values
were ignored,

The load factor-airspeed distributions for each type were separated into a
different distribution for each range of airspeed, where airspeed is pre-
sented in terms of percent Vy. An attempt was made to present airspeed
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ranges which corresponded as closely as possible to the increments pre-
sented in the standard mission segments; however, the increments shown
were dictated somewhat by the increments presented in the reports used

to compile these distributions.

The load factor-gross weight distributions are presented in terms of per-
centage of load factor peaks in ranges of gross weight ratios. Gross
weight ratio was defined as gross weight divided by maximum design
gross weight. Values of maximum design gross weight were obtained
from the vehicle characteristics for each helicopter type as presented in
the available literature. The ratios were broken into segments corre-
sponding to a low, mid, and high gross weight for each type of vehicle.
Again, the increments presented were dictated by the available data used
to compile the distributions and the maximum design gross weights of the
types of helicopter surveyed.

The load factor-altitude distributions are sirnilar in format to the gross
weight distributions except that they are plotted against altitude ranges ex-
pressed in feet.

To establish the gross weight and altitude distributions with load factor,

a percentage.was determined for each load factor increment based on the
distribution shown in the '"total" ¢olumn of the ''load factor-tip speed ratio"
tables in the operational data (e.g., Reference 19, Figure 14, page 36).
This percentage for each load factor level was distributed in the same

ratio as the percentage of total time in each gross weight and altitude range.
As an example, for the observation helicopter, the average percentage of
load factor peaks in the AN, /ANy, range of 0.13 to 0.19 was 43.0 percent
over the total airspeed range. The gross weight distribution for the ob-
servation helicopter indicated that 66.6 percent of the time was spent in a
mid gross weight range corresponding to a GW/MDGW ratio of 0.74 to
0.89. Therefore, the percentage of load factor peaks in the ANy /ANy,
range of 0.13 to 0.19 for gross weight ratios betveen 0.74 and 0.89 was
determined to be 0.666 X 43.0 = 28.6 percent., This approach produces a
gross weight and altitude distribution with load factor that is independent

of airspeed. In most cases, the percentage of load factor peaks in a

given ANy /ANy range did not vary significantly with airspeed for a given
helicopter type.

Distributions of load factor with center of gravity were not determined
because of the lack of available data. Previously published reports have
not approached the subject of load factor distributions as a function of
center of gravity., During most manufacturers' flight loads surveys, tests
are conducted at whatever center of gravity position is determined to be
the most ~ritical for the condition being tested.
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PROFIILLE COMPARISON BY TYPE OF MISSION

The standard mission profiles presented in this report cover six types of
helicopter missions. For the most part, each mission type is distinct,
although there is some overlap in capabilities and assignments. These
missions are reflected in the profile for each helicopter type, and the dif-
ferences may be seen by comparing the segment percentages, the portion
of the segments in maneuvering, and the basic condition percentages of
occurrence,

Figure 1 shows the mission segment percentages for each helicopter type.
At this level, thare is not much difference between the types. The greatest
variation occurs in the takeoff, larding, and low-speed segment. The
crane and transport helicopters are highest in this segment. This indi-
cates a predominance of short flights or prolonged activity at takeoff and
landing zones. The attack and utility/tactical assault types were lowest

in the takeoff and landing segments. This indicates that these types are
primarily employed for patrol and offensive missions and dc¢ not spend
much time at takeoff and landing zones. The high percentage for the attack
mission in the descent segment is indicative of the increased amount of
diving done by an attack helicopter,

Figure 2 shows the segment time percentage spent in maneuvering condi-
tions for each helicopter type. This fipure shows major differences be-
tween the types. These differences are particularly significant because
maneuvers have a strong effect on fatigue life. Each helicopter mission

is described by the shape of the curve. For example, the crane and trans-
port helicopters spend a good part of their time in Segment 2 maneuvering,
with little maneuvering at speeds above 40 knots. This indicates that their
maneuvering is associated with takeoff, landing, and low-speed operations
probably connected with load/passenger pickup and release. Time above
40 knots is mostly straight and level flight to destination. In contrast is the
attack mission curve, indicating maneuvering only as necessary for take-
off and landing at low speed with concentrated maneuvering above 40 knots,
especially in ascent and descent. This is indicative of gunnery and evasive
maneuvers. The other helicopter types have intermediate values for
maneuvers reflecting the severity of their missions in each segment. The
observation mission curve shows a high concentration of maneuvering in
the low-speed segment. This may be a result of the requirement for com-
manders to observe activity at several hot spots in the same vicinity and
possibly to dodge fire while loitering over one location.

The preceding paragraph discusses the amount of maneuvering done in
each segment, The types of maneuvers performed are also very important.
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The distribution of time among maneuvering conditions and steady condi-
tions within the seument is shown by the percentaves of occurrence in 4
Table II. Looking at Segment 2, it may be seen that the observation heli-

copter performs a large number of turns in low-speed flight and a high

percentage in the flare condition. These maneuvers would be performed IJI |
to observe ground activity from various vantage points. On the other N .
hand, the crane spends over 6 percent of its life in a steady hover. This ‘
would occur while loads are being picked up or released. The attack heli-
copter has the highest percentage for pop-ups, which would be performed
when the helicopter pops up vertically from behind cover to fire and re-
turns to cover. Some conditions occur so rarely that they have been given
zero percentage of occurrence for some helicopter types; i.e., ascending
pushovers for both the crane and transport.

It is clear fron, the discussion in the preceding paragraphs that the bhasic
condition percentages of occurrence are closely related to the mission.
Missions not covered or expanded missions, which may be flown by future
helicopters, will require modification to the basic condition percentages
of occurrence. Modification to the airspeed, gross weight, and altitude
distributions with load factor may also he necessary. However, this is
not recommended without additional data because distributions are given
in terms of design capability (VH, Ni, BSDWG, etc) and only determine
distribution of basic condition time, not magnitude. The value for each
basic condition percentage of occurrence may be estimated by comparing
the new mission to the six shown. These estimates would then need to be
normalized so that each segment totals to the same value as the helicopter
profile most closely related to the new mission.

LOAD FACTOR DISTRIBUTION COMPARISON BY MISSION TYPE

Observation

The load factor-airspeed distribution for the observation helicopter indi-
cates that the highest and lowest load factor levels (AN, /ANy ) are attained
in the mid airspeed ranges {46 to 61 percent Vyj). As the extremes of the
airspeed spectrum are approached, the load factor envelope, indicated by
the width of the histogram, decreases and the percentage values for a
given ANy /ANy, level decrease. However, the percentage vaiues for
maximum load factor peaks are apparently greater at the higher airspeeds
than at the lower airspeeds.

The load factor-gross weight distribution indicates that the greatest per-
centage of load factor peaks occur in the mid gross weight range, and more
peaks occur at the higher gross weight than at the lower yross weight.




The greatest percentage of load factor peaks occur in the mid altitude
range of 2000 to 4000 feet.

Utility

For the utility helicopter, the distribution of load factor peaks with air- f
speed did not vary significantly throughout the airspeed spectrum. The
only apparent difference occurs in the 60 to 80 percent Vyj airspeed range,
where a greater numher of minimum peaks occur than in the other air-
speed ranges. Note that these minimum peaks represent a small per-
centage of the tctal in the 60 to 80 percent Vi range.

The load factor-gross weight distribution indicates that the greatest per-
centage of load factor peaks occurred in th- mid and high gross weight
ranges, For a given range of ANZ/ANL. the percentage of peaks in the
mid gross weight range was only slightly greater than the values for the
high gross weight range.

The load factor-altitude distributions indicate that the greatest number of
load factor peaks occurred in the mid-altitude range (2000 to 5000 feeth
The percentage values in this range were significantly greater than for any
other altitude range.

Utility/ Tactical Assault

The distribution of load factor peaks with airspeed for the utility/tactical
assault helicopter remains relatively constant throughout the airspeed
spectrum; i.e., the percentage of load factor peaks for a given AN, /ANy,
range between 0 and 0.6 does notvary significantly. The lowest (minimum)
load factor values occur in the 55 to 74 percent Vi range. However, in
terms of percentage of peaks, they represent a very small portion of the
total load factor spectrum.

The load factor-gross weight distribution indicates that the greatest per-
centage of load factor peaks occurred in the mid and high gross weight
range., The percentage values in the lower gross weight range were con-
siderably less than the values in the upper ranges.

The distribution of load factor peaks with altitude shows a gradual increase
in the percentage values for a given ANZ/ANL range as the altitude in-
creases. However, at the high-altitude range (>5000 feet), the percent-
age values drop off considerably.
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Attack

As indicated by the load factor-airspeed distribution for the attack heli-
copter, the range and magnitude of the load factor peaks are significantly
greater than for the other helicopter types. The greatest range of ANy /
AN], values occurs in the 56 to 70 percent Vij airspeed range. However,
the greatest percentage of peaks in the higher load factor ranges occurred
at slightly higher spreds, the 70 to 84 percent Vi range. The 70 to 84
percent Vi airspeed segment contains the largest percentages of load
factor peaks inthe upper ranges of ANy /ANj,. The percentage values
vary from approximately 27 percent of the peaks in the 0.14 tc 0.21

ANz /AN, range to 4 percent of the peaks in the 0.84 to 0.98 ANy /AN
range, with the other load factor levels varying between these two values.
The 84 to 98 percent Vi airspeed range has an even distribution of high
load factor peaks.

The load factor-gross weight distribution indicates that a minimal percent-
age of load factor peaks occur in the low gross weight range (GW/MDGW
<0.74). The mid gross weight range extends to a relatively high value of
GW/MDGW (0.95) due to the ranges for which data were available from

the operational studies, The operational studies indicated that a large
amount of total flight time was spent at the higher gross weights, and there-
fore the percentages of load factor peaks were correspondingly higher at
the upper gross weights.

The load factor-altitude distribution shows that the highest percentages of
load factor peaks occurred in the 2000- to 5000-foot altitude range. The
lowest percentage of peaks occurred in the range of 5000 to 10,000 feet and
greater than 10,000 feet.

Crane

The single feature of the load factor-airspeed distribution that is most
apparent for the crane helicopter is the narrow range of AN, /ANy in
which the load factor peaks occurred. The percentages of load factor
peaks in the range of -0.4 to +0.4 AN, /ANy are significantly higher than
the values for the other helicopter types. For each airspeed range, over
80 percent of the total number of load factor peaks occurred between
ANy /AN, values of £0.16 and 0.24. Note that this does not include unre-
corded peaks occurring between ANZ/ANy, values of -0.15 ard +0.15,

The load factor-gross weight distribution for the crane heiicopter indicates
that the lowest percentages of load factor peaks occurred in the mid gross
weight range. The greatest percentage of peaks occurred in the low gross
weight range (GW/MDGW<0,71).




The load tactor-altitude distribution shows that the highest percentages of
load factor peaks occurred in the 2000- to 5000-foot aititude range. The

second highest percentages occurred in the upper altitude range (5000 to

10,000 feet), although the values were considerably less than those in the
2000~ to 5000-foot range.

Transport

For the transport helicopter, the distribution of load factor peaks with
airspeed does not vary significantly throughout the airspeed spectrum.
Also, the inagnitudes of the load factor peaks, as indicated by the width

of the AN, /AN, band for each airspeed range, are not excessive. They
compare quite closely with the values shown for the crane helicopter. As
in the case of the crane helicopter, over 80 percent of the total load factor
peaks in each airspeed range occurred between ANyZ/AN7, values of £0.15
and 0,23. Again, this does rot include the unrecorded peaks occurring be-
tween ANy, /AN values of -0.15 and +0,15,

The load factor-gross weight distribution for the transport helicopter in-
dicates that the greatest number of load factor peaks occurs in the low
gross weight range. Only a very small percentage of load factor peaks at
any given AN7/AN| level occur in the GW/MDGW range greater than
0.5,

The transport helicopter incurred the greatest percentages of load factor
peaks in the mid altitude range cof 2000 to 5000 feet. The percentage dis-
tribution of peaks in the remaining altitude ranges remained relatively

constant. The percentage of peaks occurring in the altitude range greater
than 10,000 feet is negligible.
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Figure 3e. Load Factor-Airspeed Distribution, Observation Type.
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Figure 6a. Load Factor-Airspeed Distribution, Utility Type.
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